Challenge of elicited peritoneal macrophages with lipopolysaccharide (LPS) and interferon-y (IFN-y) was followed by an apoptotic response. These cells expressed cytokine-inducible nitric oxide synthase (¡NOS) 
INTRODUCTION

Interferons
(IFNs) are a family of species-specific polypeptides that mediate several biologic responses.'1' Two classes of IFNs have been described on the basis of receptor engagement, and they are referred to as type I (mainly IFN-a and IFN-/3) and type II (IFN-y).'1-2' These two types of IFN display distinct biologic functions, and they induce the expression of partially overlapping sets of genes,'2' and acting in concert, they can produce controversial effects.'3-4' For example, MHC class II expression is induced by IFN-y, whereas IFN- a/ß inhibited this response.'3' Also, induction of IFN-a//3 via viral infection downregulates nitric oxide (NO) production, a process notably potentiated by IFN-y. '4-5' This antagonism in the modulation of NO synthesis by IFNs might influence the onset of cellular events initiated on expression of the inducible form of NO synthase (iNOS) , an activity that is controlled mainly at the transcription level. '6' Regulation of the high-output NO synthesis pathway is especially important for the macrophage, as NO is an effector molecule that participates in the mechanism of host defense operated by this cell. '6-7' Apoptosis has been revealed as an important process in several physiopathologic conditions.'8' Lipopolysaccharide (LPS)-dependent activation of macrophages and exposure to pharmacologie NO donors are sufficient conditions to induce apoptosis in these cells. '9-10' In murine macrophages, the molecular mechanism controlling this process appears to involve an upregulation of p53,"" whereas overexpression of Bcl-2 abrogates the NO-dependent apoptosis. ' (Fig. 1A) . Analysis in agarose gels of the DNA from sorted cells corresponding to the Rl and R2 + R3 quadrants confirmed the absence and presence of oligonucleosomes in these selected populations from IFN-y/LPS-stimulated cells ( Fig. 2A) .'16' However, challenge of cells with IFN-a/ß significantly antagonized the apoptosis induced by IFN-y/LPS (Fig. 1 A) . A quantitative analysis of the distribution of cells in the Rl and R2 + R3 panels is shown in Figure IB . Low doses of LPS induced only minimal apoptosis (20 cytokine used (Fig. 1C) . The protection exerted by IFN-a/ß of the apoptosis induced by IFN-y/LPS was confirmed also by the reduction in the characteristic DNA laddering observed in agarose gels (Fig. 2B) . (Fig. 3) . These results support the conclusion that IFN-a/ß does not alter the apoptotic pathway triggered by NO in macrophages.
The relevance of NO synthesis in the induction of apoptosis in cultured peritoneal macrophages and the protection exerted by IFN-a/ß through a decrease in NO synthesis was further reinforced by the observation of an important parallelism between the iNOS mRNA and protein levels and the accumulation of oligonucleosomal DNA moieties in the cytosol of these cells. As Figure 4 shows, the synergistic effect of IFN-y and LPS on iNOS expression was significantly antagonized by IFN-a/ß. At the protein level, the relative amount of iNOS in cells treated with IFN-y/LPS in the absence or presence of IFN-a/ß correlated with the NO synthesis measured in Table 3 . Moreover, when apoptosis was quantified in samples of these cells using an ELISA that determines the amount of mononucleosomal and oligonucleosomal DNA moieties in the cytosol, a good correlation between the levels of iNOS and nucleosomal enrichment was observed (Fig. 4) . Furthermore, the antiapoptotic effect of IFN-a/ß exhibited a very precise temporal pattern, as maximal protection was observed when type I IFNs were simultaneously added with IFN-y/LPS (Fig. 5) . Lower protection was observed when IFN-a/ß was added 1 h after macrophage activation and was completely inefficient with IFN-a/ß 4 h after activation (Fig. 5) 
